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In the past year, several papers on health outcomes in Korean veterans of the Vietnam War have been published. [1] [2] [3] All of these papers base their exposure classifications on an 'E4 score' which is a proximity-based measure of 'exposure opportunity' calculated from a model developed at Columbia University. 4 Calculation of an Exposure Opportunity Index (EOI) or E4 score from this model requires two inputs:
• a location input in the form of latitude and longitude;
• dates for which the location was occupied by troops.
Once this information has been provided, the model will calculate an E4 score. According to Stellman and Stellman, 4 'EOI scores can be incorporated into toxicological models as "presentation dosages" '. Unfortunately, this is not the case. In 2009, we published papers that evaluated the performance of this model in two ways. First, we compared the predictions of the Stellman EOI models to the depositions predicted on the basis of the well-validated model AgDRIFT TM ; 5 and second, we evaluated the consistency of the predictions of the Stellman EOI model by calculating E4 scores for 36 defined exposure locations for each of 30 different herbicide missions for two time periods-day of herbicide application and days 2-3 post-application. 6 We note that both our studies and the Stellman E4 model are based on data for missions using the spray system based on the Fairchild C-123 aircraft equipped with wing and tail spray booms that was used to apply approximately 95% of all herbicides during the Vietnam War. [7] [8] [9] [10] The deposition pattern produced by this system is well documented by actual measurements [11] [12] and has been accurately modelled using the AgDRIFT TM model and its non-commercial version, AGDISP, which are state-of-the-art dispersion models for spray drift from airborne applications. 13 Thus the dispersion properties of the C-123 system are not a major source of uncertainty. Our studies have demonstrated that estimates from the E4 score model have many anomalous features.
• E4 scores are assigned to an area that is more than 30 times larger than the area actually affected by a typical C-123 spray mission.
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• The Stellman model estimated E4 scores for points 800 m from the flight path, that averaged slightly higher than scores for points on the flight path. 5 The problem here is that at 800 m from the flight path, both validated model results 5 and direct measurement [11] [12] show that exposure is miniscule. Even at 4 km, the Stellman model predicted E4 scores that averaged 38% of E4 scores on the flight path.
• The model's predictions are not self-consistent. E4 scores for points on the flight path, which should be essentially identical, varied more than 500-fold ( 6 This means that a given E4 score could be high or low, depending on whether one was near a 'high' or 'low' exposure mission.
• Our investigation also showed that E4 scores calculated for 2 days after application were only about 4% of E4 scores calculated for the same locations on the day of The effect of these errors is to make E4 scores useless as even an approximate measure of relative exposure. For example, a location could have a high E4 score by being within 2 km of several 'high exposure missions'. Here the exposure should always be essentially zero. 5 Similarly one could postulate a 'low exposure' group that spent extensive periods of time in recently sprayed areas because, as noted above, E4 scores 2 days after application are only 4% of day-of-application scores for the same location. We note that there is some misinformation in the literature concerning our studies. In a recent letter to the editor of the Journal of Exposure Science and Environmental Epidemiology 14 The letter also claimed that the authors were unable to replicate the application-day results from Ginevan et al.
As we stated in our response to the Stellman letter: 16 The Stellman letter states that they were unable to match our calculations of E4 scores and provides tables in its supplementary materials to support this fact. It is true that their calculated numbers are not exactly the same as ours, but the differences are quite modest. For over half the locations reported in the study by Ginevan et al. (2009a) , 5 the difference between our results and theirs is less than 10%. Moreover, general patterns are similar. For the 18 points on the flight path (6 locations, 3 flights), our E4 results range from 118 336 to 536 367 with an average of 315 328. The Stellman results for the same points range from 156 354 to 609 500 with a mean of 392 134. Similarly, for the 18 points 4 km from the flight path, our E4 scores range from 64 161 to 215 154, with a mean of 120 584 and the Stellman's range from 64 161 to 215 254, with a mean of 121 190. The disagreements that do exist may be due to the fact that we did not provide exact latitude and longitude for our test data points.
To avoid further confusion we have prepared two spreadsheets titled 'TestPointsGinevanA.XLS' and 'TestPointsGinevanB.XLS' and will make these available to interested parties. 16 That is, whereas their results were not precisely the same as ours they were similar and in fact support the contentions made in Ginevan et al. 5 There were also a number of noteworthy omissions in their letter. First, they did not address the issue of E4 scores 2 days after application occurred being only 4% of application-day E4 scores. More important, they did not mention Ginevan et al., 6 which raises the issue that results are not consistent across spray missions. The letter 14 also expressed concern that our work was based on 'raw' rather than logarithmically transformed E4 scores. Here we responded that routine use of logtransformed exposure data is a dubious practice 17 but, more importantly, a logarithmic transformation does not alter the fact the E4 scores are clearly incorrect as a measure of exposure. One might suppose that there are other validation studies of the Stellman model that could be used to either corroborate or refute the results of our studies. Unfortunately this is not the case. Indeed, the IOM committee that produced the report The Utility of Proximity-Based Herbicide Exposure Assessment in Epidemiologic Studies of Vietnam Veterans called for additional evaluation of the Stellman model (Chapter 3), 15 but our work remains the only attempt to assess the validity of the model. In summary, although the studies of Korean veterans [1] [2] [3] appear reasonable in most respects, they all rely on a common, deeply flawed dose metric and as such are invalid. It is simply not possible to obtain valid epidemiological results based on unreliable estimates of exposure.
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